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Synthesis and Rearrangements of Ethoxycarbonyl-substituted But-3-enyl-
and Cyclopropylmethyl-(pyridine)cobaloximes

Bernard T. Golding® and Samson Mwesigye-Kibende

Department of Chemistry and Molecular Sciences, University of Warwick, Coventry, CV4 7AL, UK.

Isomeric ethoxycarbonyl-substituted but-3-enyl- and cyclopropylmethyl- (pyridine)cobaloximes undergo

trifluoroacetic acid-catalysed equilibration; the significance of this and other observations for the mechanism of
B,,-dependent «-methyleneglutarate mutase is discussed.

In continuation of our studies of the reactions of but-3-enyl- attempted to prepare these types of cobaloximes substituted
and cyclopropylmethyl-(pyridine)cobaloximes,! we have with an ethoxycarbonyl group. Such compounds would be
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All chiral compounds are racemic.

better models for hypothetical intermediates in the adenosyl-
cobalamin-dependent equilibration [c¢f. equation (1)] catalysed
by a-methyleneglutarate mutase,? than the methyl-substituted
systems previously described.! We have successfully prepared
pure 1- and 2-ethoxycarbonyl-but-3-enyl(pyridine)cobaloxime
[(1a) and (2a), respectively] and have observed their tri-
fluoroacetic acid-catalysed equilibration [equation (2)].
Evidence will be presented for the formation of cis- and trans-
(2-ethoxycarbonylcyclopropyl)methyl(pyridine)cobaloxime
[(3a) and (4a), respectively] from either cis- or trans-1-ethoxy-
carbonyl-2-iodomethylcyclopropane [(3b) and (4b), respec-
tively].

The alkylating agents (1b), (2b),t (3b),} and (4b)} were
prepared as shown in Scheme 1.2-* Considerable experi-
mentation was needed to obtain a satisfactory route to 3-
ethoxycarbonyl-4-iodobut-1-ene (2b). Thus, alkylation of the

1 New compounds gave 'H n.m.r. and i.r. spectra, and combus-
tion analyses [exact mass measurement of M+ for (3b) and (4b)]
in accord with their assigned structure.
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Scheme 1. Reagents: i, NJCHCO,Et added to an excess of allyl
chloride containing Rh,(OAc),;® products separated by spinning-
band distillation; ii, Nal-acetone; iii, N,CHCO,Et added to an
excess of allyl bromide in the presence of copper bronze catalyst;*
iv, activated Zn, CH,O-ether; v, Ph,P, I,-acetonitrile.5

anion of ethyl crotonate with either chlorodimethyl ether,
formaldehyde (as paraformaldehyde), or di-iodomethane gave
complex mixtures of products.®

For the preparation of cobaloximes from these alkylating
agents the procedure employing bromo(pyridine)cobaloxime
and NaBH, in ethanol was used.” From the bromide (1b) pure
1-ethoxycarbonylbut-3-enyl(pyridine)cobaloxime (1a)f was
obtained reproducibly in 559%; yield. With the iodide (2b) the
best yield obtained for cobaloxime (2a)t was 25 %. When the
iodide (3b) reacted with (pyridine)cobaloxime() in ethanol the
main product was the butenylcobaloxime (la). Careful
examination of the 400 MHz 'H n.m.r. spectrum of the alkyl-
cobaloxime fraction from column chromatography showed
the presence in the sample of cobaloxime (1a) from the iodide
(3b), and of both cyclopropylmethylcobaloximes (3a) and (4a),
as evidenced by discrete resonances in the 8 0.5—1.5 region of
the spectrum. When the cobaloxime (1a) was obtained from
the iodide (4b) the main contaminant was the rrans-cyclo-
propylmethylcobaloxime (4a) with a trace of the correspond-
ing cis-isomer (3a). In one experiment almost pure (4a)t was
obtained, whereas another gave mainly (1a). Usually, a ca.
1:1 mixture of (1a) and (4a) was obtained. These results can
be explained by postulating an electron transfer mechanism®
for the reaction of (pyridine)cobaloxime(1) with the iodides
(3b) and (4b). Once (2-ethoxycarbonylcyclopropyl)methyl
radicals are formed, these equilibrate via 1- and 2-ethoxy-
carbonylbut-3-enyl radicals. At equilibrium the dominant
radical may be (1¢), which is eventually captured by (pyridine)-
cobaloxime(11) to yield (1a). Alternatively (pyridine)cobal-
oxime(1) could react with the iodides (3b) and (4b) by an Sx2
mechanism giving cobaloximes (3a) and (4a), respectively.
These could have undergone thermal equilibration with (1a)
and (2a), and with each other via (1a) or (2a), during their
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preparation and/or subsequent manipulation (but see below).
The factors which influence the relative proportions of (1a),
(3a), and (4a) are under investigation.

When cobaloxime (2a) was treated with 1.0 M trifluoro-
acetic acid in deuteriochloroform at 20 °C, almost complete
conversion into (1a) occurred over 3 days [¢f. equation (2)].
Similar treatment of (1a) caused no apparent rearrangement
(monitoring by 'H n.m.r. spectroscopy), although partial
degradation to 1-ethoxycarbonylbuta-1,3-diene occurred.
These results stand in contrast to the much faster equilibra-
tions of 1- and 2-methylbut-3-enyl(pyridine)cobaloxime, which
gave the 2-methyl isomer as the predominant species at equili-
brium.! The outcome of this reaction is determined by steric
factors (primary alkyl cobaloximes are more stable than
secondary ones). With the esters (1a) and (2a), the position of
their equilibrium is evidently governed by the stabilising
metal-carbonyl interaction in (1a) [c — 7 hyperconjugation;?
¢f. vmax (KBr) 1680s cm~!] which is absent from (2a) [viax
(KBr) 1728 ecm~1]. The conversion of (2a) into (1a) probably
proceeds via (3a) or (4a), and indeed treatment of (4a) with
1.0 M trifluoroacetic acid in CDClI, for 6 h at 45 °C gave (1a).
The reason that the rates of interconversions of (1a)—(4a)
are slower than in the methyl-substituted series could be
because an intermediate »*-homoallyl species! is destabilised
by replacing methyl by ethoxycarbonyl.

Conditions could not be found for the satisfactory thermal
equilibration of (1a) and (2a) [no interconversion on heating
either (1a) or (2a) at 50 °C for 20 h]. When either (1a) or (2a)
was photolysed in deuteriochloroform without exclusion of
air, the alkylperoxycobaloxime (§) was obtained.1®

Our findings for the cobaloximes (1a)—(4a) suggest that
alkylcobalamins postulated*!*2 as intermediates in the reaction
catalysed by «-methyleneglutarate mutase [equation (1)]
would be insufficiently reactive towards rearrangement.

1105

However, rapidly interconverting ethoxycarbonyl-substituted
but-3-enyl and cyclopropylmethyl radicals are plausible inter-
mediates in the formation of (1a) from (3b) or (4b). This
supports a mechanism for a-methyleneglutarate mutase via
intermediate carboxy-substituted but-3-enyl and cyclopropyl-
methyl radicals.!!»3
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